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AUTOMATIC FOCUSING DEVICE, CAMERA, AND 
AUTOMATIC FOCUSING METHOD 

[0001] This application is based on Japanese Patent Appli 
cation No. 2001-171154 ?led in Japan on Jun. 6, 2001, the 
entire content of Which is hereby incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to an automatic 
focusing technology of receiving an image signal compris 
ing a plurality of pixels, and controlling focusing of the 
taking lens. More speci?cally, the present invention relates 
to an automatic focusing method for realiZing the automatic 
focusing technology, an automatic focusing device using the 
automatic focusing technology, and a camera using the 
automatic focusing device. 

DESCRIPTION OF RELATED ART 

[0003] A contrast detecting method (or also called a high 
climbing method) determining in-focus state based on the 
image signal obtained through the taking lens and perform 
ing automatic focusing control is knoWn as an automatic 
focusing technology for digital cameras and the like. 

[0004] In the automatic focusing control according to the 
conventional contrast detecting method, the taking lens is 
stepWisely moved in a predetermined direction, an image 
signal is obtained at each lens position, and an evaluation 
value (for example, contrast) for evaluating in-focus state is 
obtained. Then, the lens position Where the evaluation value 
is highest is identi?ed as the in-focus position, and the taking 
lens is automatically brought into in-focus state. 

[0005] HoWever, in the automatic focusing control accord 
ing to the contrast detecting method, When the taking lens is 
stepWisely moved, there are cases Where the magni?cation 
of the taking lens changes. In these cases, the position or the 
area of the subject that is included in the image area for 
Which in-focus state is determined changes. Moreover, it is 
considered that a camera shake occurs When the taking lens 
is stepWisely moved and the position or the area of the 
subject changes. In such a case, When the taking lens is 
stepWisely moved, the evaluation value abruptly changes at 
a certain lens position. For this reason, a phenomenon occurs 
such that the lens position Where the evaluation value 
abruptly changes is erroneously identi?ed as the in-focus 
position, so that the lens position Where the evaluation value 
is highest cannot be correctly identi?ed. 

[0006] Japanese Laid-Open Patent Application No. H07 
318795 discloses an automatic focusing device in Which a 
high-frequency component of a video signal is detected from 
the video signal by ?rst detecting means, the high-frequency 
component and a component of a frequency loWer than that 
of the high-frequency component are detected by second 
detecting means, and focusing control of an image sensing 
device is performed based on the quotient When the detec 
tion result of the ?rst detecting means is divided by the 
detection result of the second detecting means. 

[0007] HoWever, in this prior art, no consideration is given 
to the change of the magni?cation of the taking lens, the 
change of the position or the area of the subject due to a 
camera shake occurring When the taking lens is stepWisely 
moved, and the abrupt change of the evaluation value due to 
the change of the position or the area. 
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[0008] Japanese Laid-Open Patent Application No. H03 
287106 discloses an automatic focusing device in Which the 
sum of the squares of the differences betWeen the electric 
signals obtained from adjoining photoelectrically converting 
elements is calculated, and the position of the taking lens is 
moved so that the calculated value is maximum. 

[0009] HoWever, in this prior art, no consideration is given 
to the change of the magni?cation of the taking lens, the 
change of the position or the area of the subject due to a 
camera shake occurring When the taking lens is stepWisely 
moved, and the abrupt change of the evaluation value due to 
the change of the position or the area. 

SUMMARY OF THE INVENTION 

[0010] Accordingly, the present invention is made in vieW 
of the above-mentioned problems, and an object thereof is to 
provide an automatic focusing device, a camera and an 
automatic focusing method capable of realiZing in-focus 
state by alWays identifying the correct in-focus position even 
When the magni?cation changes or a camera shake occurs 
during automatic focusing control. 

[0011] The above-mentioned object is attained by provid 
ing an automatic focusing device, a camera and an automatic 
focusing method structured as folloWs: 

[0012] An automatic focusing device of the present inven 
tion is an automatic focusing device receiving an image 
signal comprising a plurality of piXels, and performing 
focusing control of a taking lens, and comprises: difference 
absolute value calculating means for calculating absolute 
values of differences betWeen piXel data of tWo piXels in a 
predetermined positional relationship and included in all or 
part of an evaluation area of the image signal, and calcu 
lating a sum total of the absolute values of the differences 
obtained for the evaluation area; difference square value 
calculating means for calculating square values of differ 
ences betWeen the piXel data of the tWo piXels in the 
evaluation area, and calculating a sum total of the square 
values of the differences obtained for the evaluation area; 
evaluation value calculating means for calculating an evalu 
ation value based on the sum total of the absolute values of 
the differences and the sum total of the square values of the 
differences; and controlling means for obtaining an in-focus 
position of the taking lens based on the evaluation value, and 
driving the taking lens to the in-focus position. 

[0013] Further, in the automatic focusing device of the 
present invention, the evaluation value calculating means 
calculates the evaluation value by dividing the sum total of 
the square values of the differences by the sum total of the 
absolute values of the differences. 

[0014] Further, in the automatic focusing device of the 
present invention, a plurality of evaluation areas is set for the 
image signal, the evaluation value is calculated for each of 
the evaluation areas, and the controlling means obtains the 
in-focus position by identifying a unitary evaluation value 
from among a plurality of evaluation values calculated for 
the evaluation areas. 

[0015] Further, in the automatic focusing device of the 
present invention, the piXel data is a luminance value of each 
piXel obtained from the image signal. 

[0016] Further, in the automatic focusing device of the 
present invention, the evaluation areas each comprise a 
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plurality of pixel lines, and the calculations by the difference 
absolute value calculating means and the difference square 
value calculating means are performed every predetermined 
number of piXel lines. 

[0017] Moreover, a camera of the present invention is a 
camera taking an image through a taking lens, and com 
prises: image signal generating means for generating an 
image signal from the image obtained through the taking 
lens; difference absolute value calculating means for calcu 
lating absolute values of differences betWeen piXel data of 
tWo piXels in a predetermined positional relationship and 
included in all or part of an evaluation area of the image 
signal, and calculating a sum total of the absolute values of 
the differences obtained for the evaluation area; difference 
square value calculating means for calculating square values 
of differences betWeen the piXel data of the tWo piXels in the 
evaluation area, and calculating a sum total of the square 
values of the differences obtained for the evaluation area; 
evaluation value calculating means for calculating an evalu 
ation value based on the sum total of the absolute values of 
the differences and the sum total of the square values of the 
differences; and controlling means for obtaining an in-focus 
position of the taking lens based on the evaluation value, and 
driving the taking lens to the in-focus position. 

[0018] Further, in the camera of the present invention, the 
evaluation value calculating means calculates the evaluation 
value by dividing the sum total of the square values of the 
differences by the sum total of the absolute values of the 
differences. 

[0019] Further, in the camera of the present invention, a 
plurality of evaluation areas is set for the image signal, the 
evaluation value is calculated for each of the evaluation 
areas, and the controlling means obtains the in-focus posi 
tion by identifying a unitary evaluation value from among a 
plurality of evaluation values calculated for the evaluation 
areas. 

[0020] Further, in the camera of the present invention, the 
piXel data is a luminance value of each piXel obtained from 
the image signal. 

[0021] Further, in the camera of the present invention, the 
evaluation areas each comprise a plurality of piXel lines, and 
the calculations by the difference absolute value calculating 
means and the difference square value calculating means are 
performed every predetermined number of piXel lines. 

[0022] Moreover, an automatic focusing method of the 
present invention is an automatic focusing method receiving 
an image signal comprising a plurality of piXels, and per 
forming focusing control of a taking lens, and comprises: a 
step of calculating absolute values of differences betWeen 
piXel data of tWo piXels in a predetermined positional 
relationship and included in all or part of an evaluation area 
of the image signal, and calculating a sum total of the 
absolute values of the differences obtained for the evaluation 
area; a step of calculating square values of differences 
betWeen the piXel data of the tWo piXels in the evaluation 
area, and calculating a sum total of the square values of the 
differences obtained for the evaluation area; a step of cal 
culating an evaluation value based on the sum total of the 
absolute values of the differences and the sum total of the 
square values of the differences; a step of calculating the 
evaluation value at each lens position by repeating the steps 
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While driving the taking lens; and a step of obtaining an 
in-focus position of the taking lens based on the evaluation 
value at each lens position, and driving the taking lens to the 
in-focus position. 

[0023] Moreover, an automatic focusing method of the 
present invention is an automatic focusing device receiving 
an image signal comprising a plurality of piXels, and per 
forming focusing control of a taking lens, and comprises: 
?rst computing value calculating means for calculating a 
?rst computing value by use of image data included in the 
image signal; second computing value calculating means for 
calculating a second computing value Which is a square of 
the ?rst computing value calculated by the ?rst computing 
value calculating means; evaluation value calculating means 
for calculating an evaluation value based on the ?rst com 
puting value and the second computing value calculated by 
the ?rst computing value calculating means and the second 
computing value calculating means, respectively; and con 
trolling means for obtaining an in-focus position of the 
taking lens based on the evaluation value, and driving the 
taking lens to the in-focus position. 

[0024] Further, in the automatic focusing method of the 
present invention, the ?rst computing value calculating 
means calculates absolute values after calculating difference 
values betWeen piXel data of tWo piXels in a predetermined 
positional relationship and calculates a sum total of the 
absolute values, and the second computing value calculating 
means calculates square values of the difference values 
betWeen the piXel data and calculates a sum total of the 
square values. 

[0025] Further, in the automatic focusing method of the 
present invention, the evaluation value calculating means 
calculates the evaluation value by dividing the sum total of 
the square values by the sum total of the absolute values. 

[0026] Further, in the automatic focusing method of the 
present invention, a plurality of evaluation areas is set for the 
image signal, the evaluation value is calculated for each of 
the evaluation areas, and the controlling means obtains the 
in-focus position by identifying a unitary evaluation value 
from among a plurality of evaluation values calculated for 
the evaluation areas. 

[0027] Further, in the automatic focusing method of the 
present invention, the piXel data is a luminance value of each 
piXel obtained from the image signal. 

[0028] Further, in the automatic focusing method of the 
present invention, the evaluation areas each comprise a 
plurality of piXel lines, and the calculations by the difference 
absolute value calculating means and the difference square 
value calculating means are performed every predetermined 
number of piXel lines. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] These and other objects and features of the present 
invention Will become clear from the folloWing description 
taken in conjunction With the preferred embodiments thereof 
With reference to the accompanying draWings, in Which: 

[0030] FIG. 1 is a perspective vieW shoWing a digital 
camera according to an embodiment of the present inven 

tion; 
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[0031] FIG. 2 is a block diagram showing the internal 
structure of the digital camera; 

[0032] FIG. 3 is a vieW showing an image based on an 
image signal; 
[0033] FIG. 4 is a vieW shoWing changes of an evaluation 
value When a taking lens is driven; 

[0034] FIG. 5 is a vieW shoWing a condition Where a 
subject image is included in an evaluation area; 

[0035] FIG. 6 is a vieW shoWing a condition Where the 
subject image is included in the evaluation area in a different 
condition from that of FIG. 5; 

[0036] FIG. 7 is a vieW shoWing changes of the evaluation 
value When there is no change in magni?cation and the like; 

[0037] FIG. 8 is a vieW shoWing an evaluation value 
characteristic caused by a change of the condition of posi 
tion of the subject image; 

[0038] FIG. 9 is a vieW shoWing pixels in the horiZontal 
direction and the luminance distribution thereof in-focus 
state; 

[0039] FIG. 10 is a vieW shoWing pixels in the horiZontal 
direction and the luminance distribution thereof in out-of 
focus state; 

[0040] FIG. 11 is a vieW shoWing contrast characteristics 
When there is no change in magni?cation and the like; 

[0041] FIG. 12 is a vieW shoWing a contrast characteristic 
caused When a change of the condition of position of the 
subject image; 
[0042] FIG. 13 is a vieW shoWing an evaluation value 
used in the embodiment of the present invention; and 

[0043] FIG. 14 is a block diagram shoWing the detailed 
structure of an evaluation value computing portion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0044] An embodiment of the present invention Will be 
described in detail With reference to the draWings. 

1. Structure of a Digital Camera 

[0045] FIG. 1 is a perspective vieW shoWing the digital 
camera 1 according to the embodiment of the present 
invention. As shoWn in FIG. 1, a taking lens 11 and a ?nder 
WindoW 2 are provided on the front surface of the digital 
camera 1. Inside the taking lens 11, a CCD image sensing 
device 30 is provided as image signal generating means for 
generating an image signal (signal comprising an array of 
pixel data of pixels) by photoelectrically converting a sub 
ject image incident through the taking lens 11. 

[0046] The taking lens 11 includes a lens system movable 
in the direction of the optical axis, and is capable of realiZing 
in-focus state of the subject image formed on the CCD 
image sensing device 30 by driving the lens system by a 
CPU described later. 

[0047] A release button 8, a camera condition display 13 
and photographing mode setting keys 14 are disposed on the 
upper surface of the digital camera 1. The release button 8 
is a button Which the user depresses When photographing a 
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subject. The camera condition display 13 comprising, for 
example, a liquid crystal display of a segment display type 
is provided for indicating the contents of the current setting 
of the digital camera 1 to the user. The photographing mode 
setting keys 14 are sWitches for setting the exposure condi 
tion such as aperture priority photographing, shutter speed 
priority photographing and depth priority photographing, 
sWitching the content of the White balance mode setting and 
selecting the photographing mode suitable for the subject 
When photographing by the digital camera 1 is performed. 

[0048] An insertion portion 15 for inserting a recording 
medium 9 for recording image data is formed on a side 
surface of the digital camera 1, and the recording medium 9 
Which is interchangeable can be inserted therein. 

[0049] FIG. 2 is a block diagram shoWing the internal 
structure of the digital camera 1. The subject image formed 
on the CCD image sensing device 30 through the taking lens 
11 is converted into an electric image signal at the CCD 
image sensing device 30, and is recorded onto the recording 
medium 9 by Way of an A/D converter 31, a WB (White 
balance) corrector 32, an image processor 33 and a com 
pressor 34. 

[0050] The A/D converter 31 converts the image signal 
output from the CCD image sensing device 30, for example, 
into a digital signal of 8 bits per pixel. the WB corrector 32 
adjusts the White balance of the image obtained by photo 
graphing a subject, based on a preset value of the White 
balance mode. The image processor 33 performs various 
kinds of image processings such as gamma correction and 
color correction. The compressor 34 compresses the image 
signal received from the image processor 33 by a predeter 
mined compression method. 

[0051] The image signal output from the WB corrector 32 
is supplied to an evaluation value computing portion 40. 

[0052] The evaluation value computing portion 40 obtains 
the evaluation value for automatic focusing based on the 
image signal received from the WB corrector 32. The 
evaluation value obtained by the evaluation value computing 
portion 40 is supplied to a CPU 20. 

[0053] The CPU 20 functions as controlling means for 
identifying the in-focus position of the taking lens 11 based 
on the evaluation value obtained from the evaluation value 
computing portion 40 and driving a lens driver 18 to realiZe 
in-focus state of the image formed on the CCD image 
sensing device 30. When the CPU 20 performs automatic 
focusing control, a control signal for stepWisely moving the 
taking lens 11 at very short intervals in the direction of the 
optical axis is supplied to the lens driver 18. 

[0054] Then, the CCD image sensing device 30 is caused 
to perform photographing at each lens position, and the 
image signal at each lens position is input to the evaluation 
value computing portion 40 by Way of the A/D converter 31 
and the WB corrector 32. 

[0055] The evaluation value computing portion 40 obtains 
an evaluation value every time the image signal is input, and 
outputs it to the CPU 20. 

[0056] Receiving the evaluation value at each lens posi 
tion obtained by moving the taking lens 11, the CPU 20 
identi?es the lens position Where in-focus state is obtained 
(in-focus position) based on each evaluation value. 
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[0057] The CPU 20 changes the content of the display on 
the camera condition display 13 according to the setting 
content input from the photographing mode setting keys 14, 
and changes the control condition of each of the elements 
according to the setting content. When the release button 8 
is depressed, the CPU 20 controls each of the elements in 
response thereto so that photographing for image recording 
is performed, and causes the image to be recorded onto the 
recording medium 9. 

[0058] Further, the CPU 20 displays on a liquid crystal 
display 15 the images obtained by the CCD image sensing 
device 30 successively performing photographing. The liq 
uid crystal display 15 is provided on the back surface of the 
digital camera 1. By the successively taken images being 
displayed by the CPU 20 as mentioned above, image display 
as so-called live vieW images is enabled. 

[0059] In the digital camera 1 having the above-described 
structure, automatic focusing control is performed, for 
example, When the poWer of the digital camera 1 is on, When 
a live vieW image is displayed or When the release button 8 
is half-depressed. 

2. Principle of Automatic Focusing 

[0060] Next, the principle of automatic focusing control 
Will be described. FIG. 3 is a vieW shoWing an image G1 
based on an image signal obtained from the CCD image 
sensing device 30. As shoWn in FIG. 3, evaluation areas R1, 
R2 and R3 are set in the image G1 based on the image signal. 
The evaluation areas R1, R2 and R3 are areas for Which the 
computing for obtaining the evaluation value for automatic 
focusing is performed. In the present embodiment, a plural 
ity of evaluation areas R1, R2 and R3 is set in a partial area 
corresponding to a central part of the image G1. For 
example, When the siZe of the image G1 is 2000 pixels in the 
horiZontal direction and 1500 pixels in the vertical direction, 
the siZe of the evaluation areas R1, R2 and R3 is 250 pixels 
in the horiZontal direction and 100 pixels in the vertical 
direction. By setting a plurality of evaluation areas R1, R2 
and R2 in the image G1 as described above, in-focus state 
can be determined in a Wide range, so that more precise 
automatic focusing control can be performed. 

[0061] Then, receiving the image signal, the evaluation 
value computing portion 40 obtains an evaluation value for 
each of the evaluation areas R1, R2 and R3. As the evalu 
ation value, it is desirable to use a value representative of a 
characteristic exhibiting the maximum value in-focus state. 

[0062] Before an evaluation value computing method 
characteristic of the present embodiment is described, a 
general evaluation value computing method Will be 
described. 

[0063] As a general evaluation value computing expres 
sion, for example, the folloWing expression 1 is used: 

9 245 [Expression 1] 

[0064] An evaluation value AF 1 is obtained for each of the 
evaluation areas R1, R2 and R3. In the expression 1, n is a 
parameter for scanning a pixel position in the vertical 
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position, m is a parameter for scanning a pixel position in the 
horiZontal direction, and Y is the luminance value of each 
pixel. Therefore, by a computing based on the expression 1, 
the evaluation value AF 1 is the sum total, obtained for each 
of the evaluation areas R1, R2 and R3, of the square values 
of the differences betWeen the luminance values of target 
pixels (Ylomm) and pixels (Ywn) rn+4) four pixels ahead of 
the target pixels in the horiZontal direction Which square 
values are obtained every ten horiZontal lines for each of the 
evaluation areas R1, R2 and R3. 

[0065] FIG. 4 is a vieW shoWing changes of the evaluation 
values AF1 When the taking lens 11 is driven. When the 
evaluation value AF 1 is obtained at each of the lens positions 
S1, S2, . . . While the taking lens 11 is stepWisely driven at 
regular intervals, the evaluation value AF 1 gradually 
increases to a certain lens position, and thereafter, the 
evaluation value AF 1 gradually decreases. The peak position 
(maximum point) of the evaluation value AF 1 is the in-focus 
position P of the taking lens 11. In the example of FIG. 4, 
the in-focus position P is present betWeen the lens positions 
S4 and S5. 

[0066] Therefore, the CPU 20 receiving the evaluation 
value AF1 at each lens position performs predetermined 
interpolation on the evaluation value AF 1 at each lens 
position to obtain the in-focus position P. As an example of 
the interpolation, the lens positions S3 and S4 before the 
peak is reached and the lens positions S5 and S6 after the 
peak is reached are identi?ed, and a straight line L1 passing 
through the evaluation values AF 1 at the lens positions S3 
and S4 and a straight line L2 passing through the evaluation 
values AF1 at the lens positions S5 and S6 are set. Then, the 
point of intersection of the straight lines L1 and L2 is 
identi?ed as the peak point of the evaluation value AF 1, and 
the lens position corresponding thereto is identi?ed as the 
in-focus position P. 

[0067] When this processing is performed for each of the 
evaluation areas R1, R2 and R3, there is a possibility that 
different in-focus positions are identi?ed among the evalu 
ation areas R1, R2 and R3. Therefore, the CPU 20 ?nally 
identi?es one in-focus position. For example, the CPU 20 
selects, from among the in-focus positions With respect to 
the evaluation areas R1, R2 and R3, the in-focus position 
Where the subject is determined to be closest to the digital 
camera 1 (that is, the most near side position), and identi?es 
the position as the ?nal in-focus position. 

[0068] Then, in-focus state is realiZed by moving the 
taking lens 11 to the ?nally identi?ed in-focus position. 

[0069] HoWever, there are cases Where correct automatic 
focusing control cannot be performed even if automatic 
focusing control is performed by evaluating the evaluation 
value AF1 obtained by the general evaluation value com 
puting method as described above. FIGS. 5 and 6 shoW 
conditions Where a subject image 5 is taken in different 
conditions in the evaluation area R1. The Width, in the 
horiZontal direction, of the subject image 5 is partly included 
in the evaluation area R1 in FIG. 5, Whereas the Width, in 
the horiZontal direction, of the subject image 5 is all 
included in the evaluation area R1 in FIG. 6. Therefore, one 
edge of the subject image 5 is included in the evaluation area 
R1 in the condition of FIG. 5, Whereas tWo edges of the 
subject image 5 are included in the evaluation area R1 in the 
condition of FIG. 6. 
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[0070] Assuming noW that the condition (the position or 
the range) of the subject image 5 shoWn in each of FIGS. 5 
and 6 does not change When the taking lens 11 is driven, the 
evaluation value at each lens position is obtained based on 
the expression 1. Then, the evaluation value AF 1 changes as 
shoWn in FIG. 7. 

[0071] In FIG. 7, an evaluation value characteristic T1 is 
an evaluation value characteristic in the condition shoWn in 
FIG. 5, and an evaluation value characteristic T2 is an 
evaluation value characteristic in a condition shoWn in FIG. 
6. When it is assumed that the conditions shoWn in FIGS. 5 
and 6 do not change When the taking lens 11 is driven, as 
shoWn in FIG. 7, the larger the number of edges of the 
subject image 5 is, the higher the evaluation value is 
relatively, and in any case, the in-focus positions P corre 
sponding to the peak points of the evaluation value charac 
teristics T1 and T2 can be adequately identi?ed. 

[0072] In actuality, hoWever, When the taking lens 11 is 
stepWisely moved, there are cases Where the magni?cation 
changes accordingly and the visual ?eld range changes. 
Moreover, there are cases Where When the taking lens 11 is 
stepWisely moved, a camera shake occurs and the visual 
?eld range changes. In such cases, for example, even if the 
Width, in the horiZontal direction, of the subject image 5 is 
all included in the evaluation area R1 as shoWn in FIG. 6 in 
the initial stage of driving of the taking lens 11, it is 
considered that the condition is changed to the one as shoWn 
in FIG. 5 Where the Width, in the horiZontal direction, of the 
subject image 5 is partly included in the evaluation area R1 
in a middle stage of driving of the taking lens 11 (for 
example, at the lens position Q in FIG. 7). Therefore, in the 
initial stage of driving of the taking lens 11, the evaluation 
value exhibiting the evaluation value characteristic T2 
shoWn in FIG. 7 shifts to the evaluation value characteristic 
T1 at the lens position Q. 

[0073] FIG. 8 is a vieW shoWing an evaluation value 
characteristic T3 caused by the change of the condition of 
position of the subject image in the evaluation area R1. 
When the visual ?eld range changes in the middle stage of 
the lens driving for automatic focusing control, the evalua 
tion value characteristic T3 exhibits the maximum value at 
the lens position Q as shoWn in FIG. 8, so that the correct 
in-focus position P cannot be identi?ed. 

[0074] Therefore, in the present embodiment, in order that 
the in-focus position P can be alWays adequately identi?ed 
even When a magni?cation change or a camera shake as 

described above occurs and the visual ?eld range changes, 
the evaluation value AF1 obtained by the expression 1 is 
normaliZed by the contrast. 

[0075] The contrast C can be generally obtained by the 
folloWing expression 2: 

9 245 [Expression 2] 

[0076] In the expression 2, n is a parameter for scanning 
a pixel position in the vertical direction, m is a parameter for 
scanning a pixel position in the horiZontal direction, and Y 
is the luminance value of each pixel. Therefore, by a 
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computing based on the expression 2, the contrast C is the 
sum total of the absolute values of the differences betWeen 
the luminance values of target pixels (Ymn) m) and pixels 
(Ymn m4) four pixels ahead of the target pixels in the 
horizontal direction Which absolute values are obtained 
every ten horiZontal lines for each of the evaluation areas 
R1, R2 and R3. 

[0077] When the contrast C is obtained based on the 
expression 2, for example, the contrast C increases as the 
number of edges of the subject image 5 included in the 
evaluation areas R1, R2 and R3 increases. On the contrary, 
When the number of edges is the same, the contrast C 
exhibits a substantially constant value in in-focus state and 
out-of-focus state. 

[0078] FIG. 9 is a vieW shoWing pixels in the horiZontal 
direction and the luminance distribution thereof in-focus 
state. FIG. 10 is a vieW shoWing pixels in the horiZontal 
direction and the luminance distribution thereof in out-of 
focus state. 

[0079] When the image is in focus, the luminance distri 
bution is such that the edge of the subject image exhibits a 
sharp rise as shoWn in FIG. 9. When the image is out of 
focus, the luminance distribution is such that the edge of the 
subject image exhibits a gentle rise as shoWn in FIG. 10. 

[0080] Since the luminance differences betWeen pixels 
adjoining in the horiZontal direction are accumulated in the 
computing based on the expression 2, in the luminance 
distribution of FIG. 9, the contrast C is ?nally K1. In the 
luminance distribution of FIG. 10, the luminance differ 
ences AK betWeen adjoining pixels are accumulated and the 
contrast C is ?nally K2. Since the values K1 and K2 merely 
represent the difference betWeen the minimum luminance 
and the maximum luminance of the luminance distribution, 
a relationship K1=K2 holds. That is, the contrast C obtained 
by the computing based on the expression 2 exhibits a 
substantially constant value irrespective of Whether the 
image is in focus or out of focus. 

[0081] Therefore, When the contrast C is obtained based 
on, the expression 2 from the image signal obtained from the 
CCD image sensing device 30 While the taking lens 11 is 
driven in the conditions of FIGS. 5 and 6, contrast charac 
teristics as shoWn in FIG. 11 are obtained. In FIG. 11, the 
contrast characteristic C1 is a contrast characteristic With 
respect to the evaluation area R1 When the Width, in the 
horiZontal direction, of the subject image 5 is partly included 
in the evaluation area R1 as shoWn in FIG. 5. The contrast 
characteristic C2 is a contrast characteristic With respect to 
the evaluation area R1 When the Width, in the horiZontal 
direction, of the subject image 5 is all included in the 
evaluation area R1 as shoWn in FIG. 6. The contrast 
characteristics C1 and C2 exhibit substantially contrast 
values irrespective of the lens position as mentioned above. 
Since the number of edges of the subject image 5 included 
in the evaluation area R1 is smaller in the condition of FIG. 
5 than in the condition of FIG. 6, the contrast characteristic 
C1 is loWer than the contrast characteristic C2. 

[0082] In a case Where the visual ?eld range changes When 
the taking lens 11 is stepWisely moved, the contrast char 
acteristic C2 shoWn in FIG. 11 is exhibited in the initial 
stage of driving of the taking lens 11, and the contrast 
characteristic shifts to C1 at the lens position Q. 
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[0083] FIG. 12 is a vieW showing a contrast characteristic 
C3 caused by the change of the condition of position of the 
subject image in the evaluation area R1. When the visual 
?eld range largely changes at the lens position Q in a middle 
stage of the lens driving for automatic focusing control, the 
contrast characteristic C3 largely changes at the lens posi 
tion Q as shoWn in FIG. 12. 

[0084] Then, in the present embodiment, the evaluation 
value AF1 obtained by the expression 1 is normaliZed by use 
of the contrast C varying according to the subject image as 
described above. Speci?cally, When the evaluation value 
used for automatic focusing control in the present embodi 
ment is AF2, the evaluation value AF2 is obtained by the 
folloWing expression 3: 

245 [Expression 3] 

o 

[0085] Here, the variables of the expression 3 are the same 
as those of the expressions 1 and 2. 

[0086] While the evaluation value AF1 obtained by the 
expression 1 changes at the lens position Q as described 
above (see FIG. 8), the contrast C for normaliZing the 
evaluation value AF 1 also changes at the lens position Q (see 
FIG. 12). Therefore, even if the visual ?eld range changes 
at the lens position Q, the evaluation value AF2 obtained by 
the expression 3 is not affected by the change. 

[0087] FIG. 13 is a vieW shoWing the evaluation value 
used for automatic focusing control in the present embodi 
ment, and shoWs a relationship betWeen the lens position and 
the evaluation value AF2 obtained by the expression 3. As 
shoWn in FIG. 13, even if the number of edges of the subject 
image 5 included in the evaluation area R1 changes at the 
lens position Q When the taking lens 11 is stepWisely moved, 
the evaluation value AF2 exhibits a characteristic curve not 
affected by the change, so that the peak point of the 
evaluation value AF2 can be excellently detected. Conse 
quently, the in-focus position P can be adequately identi?ed. 

3. Detailed Structure of the Evaluation Value 
Computing Portion 

[0088] Next, the detailed structure of the evaluation value 
computing portion 40 adopting the above-described prin 
ciple of automatic focusing control Will be described. 

[0089] FIG. 14 is a block diagram shoWing the detailed 
structure of the evaluation value computing portion 40 of the 
digital camera 1. The evaluation value computing portion 40 
comprises a luminance signal generator 41, a difference 
absolute value computing portion 42, a difference absolute 
value accumulation computing portion 43, a difference 
square value computing portion 44, a difference square value 
accumulation computing portion 45, and an evaluation value 
calculator 46. These elements may be implemented as 
hardWare such as arithmetic circuits, or may be implemented 
as softWare by a microprocessor or the like performing a 
predetermined computing program. 

[0090] Receiving an image signal comprising color com 
ponents of R (red), G (green) and B (blue), the luminance 
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signal generator 41 identi?es pixels included in the evalu 
ation areas R1, R2 and R3, and generates a luminance signal 
Y from the color component value corresponding to each 
pixel. The luminance signal Y is obtained, for example, by 
performing a Weight assignment calculation to multiply each 
of the color component values of R, G and B by a prede 
termined coef?cient. By performing automatic focusing con 
trol based on the luminance value of each pixel, the evalu 
ation value computing in a condition in Which the color 
component values are re?ected can be effectively per 
formed. For simplicity, it may be performed to extract the 
value of a speci?c color component (for example, a color 
component value of G) and set the value as the luminance 
signal Y. 

[0091] The difference absolute value computing portion 
42 receives the luminance signal Y from the luminance 
signal generator 41, and obtains the absolute value of the 
difference betWeen the luminance values of a target pixel 
(Ymn m) and a pixel (Ywn) rn+4) four pixels ahead of the target 
pixel in the horiZontal direction. The difference absolute 
value computing portion 42 successively updates the target 
pixel, and successively obtains the absolute value of the 
difference betWeen the luminance values of the target pixel 
and the pixel four pixels ahead of the target pixel in the 
horiZontal direction. 

[0092] The difference absolute value accumulation com 
puting portion 43 has a memory for storing the accumulation 
value of the absolute values of the differences, accumulates 
the absolute values of the differences successively input 
from the difference absolute value computing portion 42, 
and updates the accumulation value in the memory. Conse 
quently, in the difference absolute value accumulation com 
puting portion 43, the contrast C based on the expression 2 
is stored in the memory. Then, When the input of the absolute 
values of the differences from the difference absolute value 
computing portion 42 is ?nished, the accumulation value 
(the sum total of the absolute values of the differences) 
stored in the memory, that is, the contrast C, is output to the 
evaluation value calculator 46. 

[0093] The difference square value computing portion 44 
obtains the squares of the absolute values of the differences 
successively input from the difference absolute value com 
puting portion 42 to obtain the square values of the differ 
ences. The square values of the differences are successively 
output to the difference square value accumulation comput 
ing portion 45. 

[0094] The difference square value accumulation comput 
ing portion 45 has a memory for storing the accumulation 
value of the square values of the differences, accumulates 
the square values of the differences successively input from 
the difference square value computing portion 44, and 
updates the accumulation value in the memory. Conse 
quently, in the difference square value accumulation com 
puting portion 45, the evaluation value AF1 based on the 
expression 1 is stored in the memory. When the input of the 
square values of the differences from the difference square 
value computing portion 44 is ?nished, the accumulation 
value (the sum total of the square values of the differences) 
stored in the memory, that is, the evaluation value AF 1, is 
output to the evaluation value calculator 46. 

[0095] The evaluation value calculator 46 performs a 
computing based on the expression 3 to obtain the evalua 
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tion value AF2 based on the sum total of the absolute values 
of the differences and the sum total of the square values of 
the differences. That is, the evaluation value calculator 46 
divides the sum total of the square values of the differences 
input from the difference square value accumulation com 
puting portion 45, by the sum total of the absolute values of 
differences input from the difference absolute value accu 
mulation computing portion 43 to thereby obtain the evalu 
ation value AF2 Which is the evaluation value AF1 normal 
iZed by the contrast C. The evaluation value AF2 obtained by 
the evaluation value calculator 46 is output to the CPU 20. 

[0096] The evaluation value computing portion 40 is 
structured as described above. Every time the taking lens 11 
is stepWisely driven and the image signal taken at each lens 
position is input in automatic focusing control, the above 
described processing is performed and the evaluation value 
AF2 is obtained. 

[0097] The evaluation value computing portion 40 per 
forms the above-described computing for each of a plurality 
of evaluation areas R1, R2 and R3 to generate the evaluation 
value AF2, and outputs the evaluation value AF2 obtained 
for each of the evaluation areas R1, R2 and R3 to the CPU 
20. 

[0098] When the stepWise driving of the taking lens 11 is 
?nished and the evaluation values AF2 of the evaluation 
areas R1, R2 and R3 at all the lens positions are input, the 
CPU 20 evaluates the evaluation value AF2 obtained for 
each of the evaluation areas R1, R2 and R3, and identi?es 
the in-focus position P in each of the evaluation areas R1, R2 
and R3. Then, the CPU 20 selects, for eXample, the most 
near side one of the in-focus positions With respect to the 
evaluation areas R1, R2 and R3, and identi?es it as the ?nal 
in-focus position P. By adopting such an identi?cation 
method, automatic focusing control suitable for photograph 
ing general subjects can be performed. HoWever, the present 
invention is not limited to identifying the most near side 
position as the in-focus position, but automatic focusing 
control suitable for the subject may be realiZed in accor 
dance With the photographing mode. 

[0099] Then, a driving signal is supplied to the lens driver 
18 so as to drive the taking lens 11 to the identi?ed in-focus 
position P. Consequently, the taking lens 11 is driven to the 
in-focus position P, and the in-focus state of the image by the 
taking lens 11 is realiZed. 

[0100] As described above, in the digital camera 1 of the 
present invention, the absolute values of the differences 
betWeen the piXel data of tWo piXels included in an evalu 
ation area set for the image signal are obtained, and the sum 
total of the absolute values of the differences in the evalu 
ation area is calculated. Then, the square values of the 
differences betWeen the piXel data of the tWo piXels in the 
evaluation area are obtained, and the sum total of the square 
values of the differences in the evaluation area is calculated. 
Then, the evaluation value AF2 for automatic focusing is 
obtained based on the sum total of the absolute values of the 
differences and the sum total of the square values of the 
differences to identify the in-focus position P of the taking 
lens 11, and the taking lens 11 is driven to the in-focus 
position P. 

[0101] Consequently, even if the magni?cation of the 
taking lens 11 changes or a camera shake occurs during 
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automatic focusing control, the in-focus position P can be 
alWays adequately identi?ed, so that the in-focus state of the 
taking lens 11 can be correctly realiZed. 

[0102] Since the sum total of the square values of the 
differences is divided by the sum total of the absolute values 
of the differences When the evaluation value AF2 for auto 
matic focusing is obtained, an evaluation value AF2 not 
affected by a magni?cation change or a camera shake can be 
obtained. 

[0103] Moreover, in the present embodiment, since a 
plurality of evaluation areas R1, R2 and R3 is set for an 
image represented by an image signal, in-focus state can be 
determined in a Wide range, so that more precise automatic 
focusing control can be performed. 

[0104] Moreover, When the in-focus position P is obtained 
by identifying a unitary value AF2 from among a plurality 
of evaluation values AF2 obtained for a plurality of evalu 
ation areas, the taking lens 11 is moved to the in-focus 
position P Where the subject is determined to be closest in 
the evaluation areas, so that automatic focusing control 
suitable for photographing general subjects can be per 
formed. 

[0105] Further, in the present embodiment, since evalua 
tion is performed by use of the luminance value as the piXel 
data of tWo piXels, the evaluation value computing in a 
condition in Which each color component value is re?ected 
can be ef?ciently performed. HoWever, the image signal is 
not limited to the signal associated With a color image. 

4. Modi?cation 

[0106] While an embodiment of the present invention has 
been described, the present invention is not limited to the 
embodiment. 

[0107] For example, While automatic focusing control of 
the digital camera 1 is described in the above, the above 
described automatic focusing control technology is appli 
cable not only to the digital camera 1 but also to ?lm-based 
cameras. Moreover, an automatic focusing device can be 
implemented only by the function of the evaluation value 
computing portion 40 and the function associated With the 
automatic focusing control of the CPU 20, and the above 
described automatic focusing control technology is appli 
cable also to such an automatic focusing device. 

[0108] Moreover, While an eXample in Which the differ 
ence computing is performed betWeen a target piXel and a 
piXel four piXels ahead of the target piXel is shoWn in the 
above, the present invention is not limited thereto. It is 
necessary only that the difference calculation be performed 
betWeen tWo piXels in a predetermined positional relation 
ship. 

[0109] Moreover, the evaluation area may be the entire 
area of the image G1 based on the image signal. In that case, 
hoWever, the evaluation value computing takes time. There 
fore, When ef?cient automatic focusing control is desired, it 
is desirable to set the evaluation area in a part of a central 
part of the image G1 based on the image signal as described 
above. The number of evaluation areas set in the image G1 
is not necessarily more than one but may be one. 

[0110] Further, While a computing eXample in Which the 
sum total of the square values of the differences is divided 
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by the sum total of the absolute values of the differences to 
obtain the evaluation value AF2 for automatic focusing is 
shoWn in the above, the present invention is not limited 
thereto. For example, the in-focus position can be 
adequately identi?ed by dividing the sum total of the abso 
lute values of the differences by the sum total of the square 
values of the differences. Thus, any computing may be 
adopted as long as the evaluation value is obtained based on 
the sum total of the absolute values of the differences and the 
sum total of the square values of the differences. 

[0111] As described above, according to the present inven 
tion, the sum total of the absolute values of the differences 
betWeen tWo piXels in an evaluation area is calculated, the 
sum total of the square values of the differences betWeen the 
tWo piXels in the evaluation area is calculated, and the 
evaluation value is obtained based on the sum total of the 
absolute values of the differences and the sum total of the 
square values of the differences to obtain the in-focus 
position of the taking lens. Consequently, even if the mag 
ni?cation changes or a camera shake occurs, the in-focus 
position can be alWays correctly identi?ed, so that the 
in-focus state can be adequately realiZed. 

[0112] Further, according to the present invention, since 
the evaluation value is obtained by dividing the sum total of 
the square values of the differences by the sum total of the 
absolute values of the differences, an evaluation value not 
affected by a magni?cation change or a camera shake can be 
obtained. 

[0113] Further, according to the present invention, a plu 
rality of evaluation areas is set, an evaluation value is 
obtained for each of the evaluation areas, and a unitary 
evaluation value is identi?ed from among a plurality of 
evaluation values obtained for the evaluation areas. Conse 
quently, in-focus state can be determined in a Wide range, so 
that more precise automatic focusing control can be per 
formed. 

[0114] Further, according to the present invention, since 
the evaluation value is obtained based on the luminance 
value of each piXel obtained from the image signal, the 
evaluation value computing can be ef?ciently performed. 

[0115] Further, according to the present invention, since 
the evaluation area comprises a plurality of piXel lines and 
the calculations by the difference absolute value calculating 
means and the difference square value calculating means are 
performed every predetermined number of piXel lines, the 
evaluation value computing With respect to the evaluation 
area can be ef?ciently performed. 

[0116] Although the present invention has been fully 
described in connection With the preferred embodiments 
thereof With reference to the accompanying draWings, it is to 
be noted that various changes and modi?cations are apparent 
to those skilled in the art. Such changes and modi?cations 
are to be understood as included Within the scope of the 
present invention as de?ned by the appended claims unless 
they depart therefrom. 

What is claimed is: 

1. An automatic focusing device receiving an image 
signal comprising a plurality of piXels, and performing 
focusing control of a taking lens, comprising: 
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difference absolute value calculating means for calculat 
ing absolute values of differences betWeen piXel data of 
tWo piXels in a predetermined positional relationship 
and included in all or part of an evaluation area of the 
image signal, and calculating a sum total of the absolute 
values of the differences obtained for the evaluation 
area; 

difference square value calculating means for calculating 
square values of differences betWeen the piXel data of 
the tWo piXels in the evaluation area, and calculating a 
sum total of the square values of the differences 
obtained for the evaluation area; 

evaluation value calculating means for calculating an 
evaluation value based on the sum total of the absolute 
values of the differences and the sum total of the square 
values of the differences; and 

controlling means for obtaining an in-focus position of the 
taking lens based on the evaluation value, and driving 
the taking lens to the in-focus position. 

2. An automatic focusing device as claimed in claim 1, 
Wherein the evaluation value calculating means calculates 
the evaluation value by dividing the sum total of the square 
values of the differences by the sum total of the absolute 
values of the differences. 

3. An automatic focusing device as claimed in claim 1, 
Wherein a plurality of evaluation areas is set for the image 
signal, the evaluation value is calculated for each of the 
evaluation areas, and the controlling means obtains the 
in-focus position by identifying a unitary evaluation value 
from among a plurality of evaluation values calculated for 
the evaluation areas. 

4. An automatic focusing device as claimed in claim 1, 
Wherein the piXel data is a luminance value of each piXel 
obtained from the image signal. 

5. An automatic focusing device as claimed in claim 1, 
Wherein the evaluation areas each comprise a plurality of 
piXel lines, and the calculations by the difference absolute 
value calculating means and the difference square value 
calculating means are performed every predetermined num 
ber of piXel lines. 

6. A camera taking an image through a taking lens, 
comprising. 

image signal generating means for generating an image 
signal from the image obtained through the taking lens; 

difference absolute value calculating means for calculat 
ing absolute values of differences betWeen piXel data of 
tWo piXels in a predetermined positional relationship 
and included in all or part of an evaluation area of the 
image signal, and calculating a sum total of the absolute 
values of the differences obtained for the evaluation 
area; 

difference square value calculating means for calculating 
square values of differences betWeen the piXel data of 
the tWo piXels in the evaluation area, and calculating a 
sum total of the square values of the differences 
obtained for the evaluation area; 

evaluation value calculating means for calculating an 
evaluation value based on the sum total of the absolute 
values of the differences and the sum total of the square 
values of the differences; and 
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controlling means for obtaining an in-focus position of the 
taking lens based on the evaluation value, and driving 
the taking lens to the in-focus position. 

7. An automatic focusing device as claimed in claim 6, 
Wherein the evaluation value calculating means calculates 
the evaluation value by dividing the sum total of the square 
values of the differences by the sum total of the absolute 
values of the differences. 

8. An automatic focusing device as claimed in claim 6, 
Wherein a plurality of evaluation areas is set for the image 
signal, the evaluation value is calculated for each of the 
evaluation areas, and the controlling means obtains the 
in-focus position by identifying a unitary evaluation value 
from among a plurality of evaluation values calculated for 
the evaluation areas. 

9. An automatic focusing device as claimed in claim 6, 
Wherein the piXel data is a brightness value of each piXel 
obtained from the image signal. 

10. An automatic focusing device as claimed in claim 6, 
Wherein the evaluation areas each comprise a plurality of 
piXel lines, and the calculations by the difference absolute 
value calculating means and the difference square value 
calculating means are performed every predetermined num 
ber of piXel lines. 

11. An automatic focusing method receiving an image 
signal comprising a plurality of piXels, and performing 
focusing control of a taking lens, comprising. 

(a) a step of calculating absolute values of differences 
betWeen piXel data of tWo piXels in a predetermined 
positional relationship and included in all or part of an 
evaluation area of the image signal, and calculating a 
sum total of the absolute values of the differences 
obtained for the evaluation area; 

(b) a step of calculating square values of differences 
betWeen the piXel data of the tWo piXels in the evalu 
ation area, and calculating a sum total of the square 
values of the differences obtained for the evaluation 
area; 

(c) a step of calculating an evaluation value based on the 
sum total of the absolute values of the differences and 
the sum total of the square values of the differences; 

(d) a step of calculating the evaluation value at each lens 
position by repeating the steps While driving the taking 
lens; and 

(e) a step of obtaining an in-focus position of the taking 
lens based on the evaluation value at each lens position, 
and driving the taking lens to the in-focus position. 
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12. An automatic focusing device receiving an image 
signal comprising a plurality of piXels, and performing 
focusing control of a taking lens, comprising: 

?rst computing value calculating means for calculating a 
?rst computing value by use of image data included in 
the image signal; 

second computing value calculating means for calculating 
a second computing value Which is a square of the ?rst 
computing value calculated by the ?rst computing 
value calculating means; 

evaluation value calculating means for calculating an 
evaluation value based on the ?rst computing value and 
the second computing value calculated by the ?rst 
computing value calculating means and the second 
computing value calculating means, respectively; and 

controlling means for obtaining an in-focus position of the 
taking lens based on the evaluation value, and driving 
the taking lens to the in-focus position. 

13. An automatic focusing device as claimed in claim 12, 
Wherein the ?rst computing value calculating means calcu 
lates absolute values after calculating difference values 
betWeen piXel data of tWo piXels in a predetermined posi 
tional relationship and calculates a sum total of the absolute 
values, and the second computing value calculating means 
calculates square values of the difference values betWeen the 
piXel data and calculates a sum total of the square values. 

14. An automatic focusing device as claimed in claim 13, 
Wherein the evaluation value calculating means obtains the 
evaluation value by dividing the sum total of the square 
values by the sum total of the absolute values. 

15. an automatic focusing device as claimed in claim 12, 
Wherein a plurality of evaluation area is set for the image 
signal, the evaluation value is calculated for each of the 
evaluation areas, and the controlling means obtains the 
in-focus position by identifying a unitary evaluation value 
from among a plurality of evaluation values calculated for 
the evaluation areas. 

16. An automatic focusing device as claimed in claim 12, 
Wherein the piXel data is a luminance value of each piXel 
obtained from the image signal. 

17. An automatic focusing device as claimed in claim 15, 
Wherein the evaluation areas each comprise a plurality of 
piXel lines, and the calculations by the difference absolute 
value calculating means and the difference square value 
calculating means are performed every predetermined num 
ber of piXel lines. 


